I In nt tr ro od du uc ct ti io on n
Subaortic stenosis (SAS) is a consequence of left ventricular outflow tract (LVOT) obstruction. Obstruction may be the result of either an actual ridge of fibromuscular origin or a fib-rous tissue that coats and tethers the aortic valve (AV) leaflets. 1) 2) SAS can be divided into two main categories: discrete type and tunnel type. Discrete type is more common, and is caused by a discrete subvalvular membrane or muscular band. 1) SAS usually occurs without a previous heart operation, but it can also occur after heart surgery, with a condition known as secondary subaortic stenosis (SSS).
3) SSS has been reported after surgical repair of several congenital heart defects, with or without an initial LVOT obstruction, and occurs most often after repair of coarctation of the aorta, Fontan procedure, or Rastelli operation. 4) Only few cases of SSS after repair of ventricular septal defect (VSD) have been reported. 5) We report on a rare case of SSS that occurred 3 years after surgical repair of subarterial VSD.
C Ca as se e
A 3-year-old boy visited our outpatient department due to cardiac murmur. The patient was transferred to our hospital 3 days after a premature birth with esophageal atresia, and a cardiac murmur, and underwent an esophago-esophagostomy at 1 month old. Two-dimensional echocardiography showed a large subarterial VSD (Fig. 1) . The patient subsequently underwent a patch closure of subarterial VSD at 3 months old. The VSD shunt disappeared after surgery (Fig. 2) . During follow-up, no specific problems were noted on physical examination or radiologic findings. There was grade 2/6 systolic murmur at the left sternal border on physical examination. He showed no subjective symptoms including exercise intolerance. Chest X-ray showed no cardiomegaly. Electrocardiography revealed left ventricular hypertrophy. Two-dimensional echocardiography showed mild SAS due to discrete subaortic membrane (Fig.  3 ). Peak pressure gradient was estimated at 24 mmHg (Fig.  4A ). M-mode echocardiography showed a mid-systolic partial closure and fluttering right coronary cusp of AV (Fig. 4B) .
We recommended resection of the subaortic membrane when LVOT pressure gradient or aortic insufficiency (AI) progressed during serial echocardiography.
S Se ec co on nd da ar ry y S Su ub ba ao or rt ti ic c S St te en no os si is s a af ft te er r P Pa at tc ch h C Cl lo os su ur re e o of f S Su ub ba ar rt te er ri ia al l V Ve en nt tr ri ic cu ul la ar r S Se ep pt ta al l D De ef fe ec ct t D Di is sc cu us ss si io on n SAS usually occurs without previous heart operation, but it can be occurred after surgical repair of several congenital heart defects, including univentricular heart requiring the Fontan procedure, 6 ) VSD, 5) tetralogy of Fallot, 5) double outlet right ventricle, 4)5) Shone's syndrome, 7) abnormal ventriculoarterial connections, 6) partial and complete atrioventricular septal defect, 8) and common atrium, and aorticopulmonary window.
3) In one study, postsurgical SAS appeared to be an uncommon complication in patients with VSD and tetralogy of Fallot, with frequency of 3.2% and 2.1% respectively. However, frequency was relatively higher, at 21.4%, in patients with a double outlet right ventricle.
5)
Pathophysiological theories, including turbulence theory or geometric theory, for development of SAS without a previous heart operation can be extrapolated to SSS.
3) Anatomical elements, such as a defect of the AV, hypoplastic aortic annulus, and subaortic narrowing can cause turbulent flow 
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patterns in the subaortic region, and these may have contributed to development of SSS through stimulation of the endothelium.
3)
SSS development could be related to scar formation in the LVOT.
3) The initial surgical procedure may contribute in a number of ways to development of SSS. The left ventricle (LV) undergoes geometric change after the Rastelli operation or intraventricular repair. After an operation for isolated VSD or tetralogy of Fallot, LV hypertrophy and extension of the VSD patch into the LVOT can also lead to SSS formation.9) After 2 years of initial surgery, 71% of SSS appeared with mean interval of 4.4 years.
3) Whatever the initial heart defect, a young age at the time of initial surgery was a significant risk factor for developing SSS.
10)
The majority of SSS patients were asymptomatic. A diagnosis of SSS was suspected on routine follow-up Doppler echocardiography. Two-dimensional echocardiography with color Doppler imaging is the current modality of choice to establish a diagnosis of SSS. It is helpful in defining and localizing SAS, and reveals the extent of LVOT involvement, degree of LV hypertrophy, indices of LV performance, and parameters of diastolic function in the LV. Secondary effects, such as degree of AI, mitral regurgitation, or poststenotic dilatation of the aorta, can also be assessed. M-mode echocardiography provides indirect evidence of SSS by revealing early closure due to the Venturi effect of the jet formed by the SSS and the coarse flutter of the AV leaflets. 11) SAS is a progressive and serious disease causing severe LV hypertrophy and significant AI.
12) LV hypertrophy and AI can occur due to AV damage because of the jet from subaortic narrowing, which may also render the AV prone to infective endocarditis. 13)14) A significant LV-aortic mean gradient of more than 30 mmHg in children require surgery. 15) This report is a case of SSS that occurred 3 years after patch closure of subarterial VSD. A follow-up echocardiogram is essential for detecting SSS caused by the newly developed subaortic membrane in patients who had cardiac surgery. A B
